Pectus deformities are the most common chest wall deformities seen in the pediatric population, occurring in approximately 1 in 300 births [1] . The deformity is caused by defective growth of the sternum and surrounding cartilage. The Nuss procedure is the technique of choice for surgical correction, and involves placing a convex bar under the sternum without resection or injury to the costal cartilages. Although classified as a minimally invasive technique, patients experience considerable postoperative pain [2] . Multimodal analgesia is the hallmark of postoperative pain control and many methods have been suggested including both regional anesthesia and patient controlled analgesia (PCA).
The length of postoperative hospitalization after pectusexcavatum repair procedures is determined by the ability to adequately control pain. The available literature suggests that thoracic epidural analgesia is the most effective means for attenuating the pain during the first few postoperative days [3] . However,a recent comparison between epidurals and IV PCA documented substantial recovery and financial advantages with PCA [4] . Surprisingly, this study had high rates of failure in successfully placing epidural catheters and keeping it beyond the first 24 postoperative hours.
A thoracic epidural is the preferred analgesic technique for pectusexcavatum repair procedures at Cincinnati Children's Hospital and Medical Center (CCHMC) due to its superior pain control and minimal side effect profile including a cognitive clear and interacting patient. Intermittent IV narcotics are available to the patient and some patients, especially in the older age groups, require the addition of a PCA to supplement the epidural analgesia. Other supplemental medications include methocarbamol 15mg/ kg every 8 hours, diazepam 0.05mg/kg for muscle spasms and anxiety every 4 hours as needed, ketorolac 0.5mg/kg every 6 hours for its anti-inflammatory effects, and IV acetaminophen (Tylenol) every 6 hours. As the patient begins to tolerate oral intake, they are transitioned from IV to oral pain medications including long acting oxycodone and regular Oxycodone. The epidural is often removed on the third postoperative day, which leads to a slight increase in overall pain score and even with this supplementation of medications, the transition from epidural to oral analgesics can be problematic. Intravenous narcotics are available throughout the postoperative recovery process to treat any breakthrough pain. Medication doses and frequency are adjusted as needed to provide optimal patient comfort, and they are continued for 2 weeks postoperatively; older patients sometimes need longer coverage. Refer to Table 1 for the complete protocol followed by the pain service at CCHMC.
In 2012 a retrospective study was done at CCHMC to more clearly assess the efficacy, safety and patient outcomes of epidurals following pectusexcavatum repair. The efficacy outcome measures included postoperative pain scores, success rate of epidural analgesia, need for supplemental pain medication, times to first oral intake, ambulation, and discharge. The safety outcome measures included serious side effects such as respiratory depression, neurological complications, and common opioid side effects such as nausea and itching.
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Pectus deformities, mainly pectusexcavatum, are the most common chest wall deformity caused by defective growth of the sternum and surrounding costal cartilages. The technique for surgical repair is the Nuss procedure, a minimally invasive technique in which rigid metal bars are placed transthoracically beneath the sternum for a period of time until permanent remodeling of the chest wall has occurred. Postoperative pain is considerable, making multimodal analgesia the hallmark of postoperative pain control.
A thoracic epidural is the preferred analgesic technique for pectusexcavatum repair at Cincinnati Children's Hospital Medical Center (CCHMC) due to its superior pain control and minimal side effect profile. Intermitted IV narcotics or a PCA are also offered to supplement the epidural analgesia, and as the patient begins to tolerate oral intake, they are transitioned from IV to oral pain medications. Other medications such as Methocarbamol and Diazepam as utilized as adjunct medications for relief of muscle spasms.
A retrospective study was done at CCHMC in 2012 to more clearly assess the efficacy, safety, and patient outcomes of epidurals following pectusexcavatum repair. This study yielded positive information about our experience with the pectus postoperative pain management protocol devised at this institution. CCHMC then compared their epidural analgesia outcomes with published data from Kansas.
Out of 122 patients, 89 had complete data regarding postoperative pain scores, side effects, and rescue analgesics. Of these patients, 3.37% had epidurals removed on postoperative day (POD) 0 due to poor analgesia and the remaining 96.6% of patients had successful epidural analgesia. Supplemental IV PCA opioid was used in 17/89 (19%) patients. 76% of patients had pain scores between 0 and 4 on POD 0. A slight elevation in pain score was noted on POD 3 when the epidural was stopped. One patient, who needed supplemental PCA, developed respiratory depression. The most common side effect was nausea and vomiting, which occurred in 18% of patients. Horner's syndrome was observed 4.5% of patients. CCHMC then compared their epidural analgesia outcomes with published data from Kansas. 3 The results of this comparison can be found in Table 2 .
The severity of the pectusexcavatum, as indicated by the Haller Index, was greater in the Cincinnati pectusexcavatumpatients leading to a longer surgical time compared to Kansas. The time taken to place the epidural was shorter in Cincinnati (an average of 15.54 minutes compared to95 minutes in Kansas) and the success rate was 96.5% in Cincinnati compared to 78% in Kansas with a lower percentage of patients requiring a supplemental PCA (14% compared to 35%). Postoperative pain scores from POD1 to 4 were slightly higher in the Kansas patients but the overall postoperative length of stay was similar at 4-5 days at both institutions.
Other forms of regional anesthesia have been described in lieu of placing a thoracic epidural and have been successful in treating postoperative pain. These include bilateral paravertebral catheters, bilateral intercostal nerve blocks, and wound catheter infusions placed by the surgeon. The use of continuous paravertebral nerve blocks for controlling postoperative pain in thoracotomy and pectusexcavatum procedures have been shown to have equal efficacy to epidural nerve blocks with a better side effect profile and lower incidence of pulmonary complications [4, 5] . The nerves to the sternum originate from the roots of T1-T6. After exiting the lateral spinous foramina, the nerves travel in the space between the internal and innermost intercostal muscles along with the intercostal artery and vein. Anterior intercostal blocks are therefore very useful for analgesia after pectusexcavatum repair. These can be performed under ultrasound guidance with the patient in a supine position with a total dose of 0.2 to 0.5ml/kg of 0.2% ropivicaine or 0.25% bupivacaine with epinephrine 1:200,000 divided in the various interspaces [5, 6] . There are current clinical trials of wound catheter infusions through ON-Q catheters in comparison to IV PCA for postoperative pain control. These wound catheters are inserted by the surgeon just before the closure of the incision. They are connected to an elastomeric pump filled with 0.15-0.25% ropivicaine and administered at a constant flow rate of 2ml/hour in each branch of the catheter for 48hrs.
Perioperative anesthetic and pain management of patients undergoing the Nuss procedure for pectusexcavatum repair is a challenge to practitioners. There are many reviews that have demonstrated that an epidural is effective and safe following pectusexcavatum repair. Besides providing better analgesia, the epidural helps to avoid opioid related adverse effects such as sedation and respiratory depression. In addition, placing thoracic epidural catheters in adolescents when they are awake improves safety against neurological complications. Problems that can be encountered with thoracic epidural analgesia include hypotension, upper extremity weakness or tingling, failed or * Epidural vs patient-controlled analgesia for postoperative pain after pectus excavatum repair: a prospective , randomized trial [4] . * Is epidural anesthesia truly the best pain management strategy after minimally invasive pectus excavatum repair? [3] 
